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(57) ABSTRACT 

In a Semiconductor device provided with a plurality of 
Standard cells each comprising an input terminal and MOS 
transistors, a diffused region having a Substantially negligi 
bly Small resistance is formed in a Semiconductor Substrate, 
and the input terminal of the Standard cell and gates of the 
MOS transistors are connected through the diffused region. 
Also, a diffused region is formed under the input terminal in 
the Substrate, and the input terminal is connected to the 
diffused region. In a modification, another Standard cell is 
formed by forming a diffused region and a metal layer 
connected to the diffused region on the Substrate, and the 
another Standard cell is connected to the input terminal. 

1 Claim, 15 Drawing Sheets 
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SEMCONDUCTOR DEVICE HAVING A 
LIBRARY OF STANDARD CELLS AND 
METHOD OF DESIGNING THE SAME 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a Semiconductor device 
provided with a library of standard cells which include MOS 
transistors and the gates of the MOS transistors have not 
undergone plasma damageS. The present invention also 
relates to a method of designing Such a Semiconductor 
device. 

More Specifically, the present invention relates to a struc 
ture of a Semiconductor devise and a method of designing 
such a structure which prevents gates of MOS transistors 
from undergoing plasma damage in a wafer process in 
fabricating a Semiconductor device. 

2. Background Art 
FIG. 23 is a plan View showing a conventional Standard 

cell layout pattern employed in auto-placement and auto 
routing for a Semiconductor device comprising a plurality of 
standard cells. Referring to FIG. 23, a standard cell has an 
n-type well 3 formed in a p-type Silicon Substrate 1. A p-type 
diffused region 4 is formed in the n-type well 3. An n-type 
diffused region 5 is formed in the p-type silicon substrate 1. 
A polysilicon wiring line 8, including gate electrodes 8g, is 
formed on the gate insulating film (not shown) on the wafer 
1. Thus, MOS transistors T1 and T2 are formed. The 
polysilicon wiring line 8 is connected through a contact hole 
11 to a metal wiring line 10, which serves as an input 
terminal or an input line. 

In the conventional Standard cell for auto-placement and 
auto-routing in a gate array and cell base type Semiconductor 
devise, a pattern of the metal wiring line 10 connected to the 
gates of a MOS transistor T1 or T2 is used as an input 
terminal or an input line. 

In the above-mentioned conventional configuration, a 
wiring line connected to the input terminal 10 or the input 
line may be long and run outside the conventional Standard 
cell. In that case, the gate oxide film of the MOS transistor 
T1 or T2 is liable to be damaged by electrons launched from 
a plasma into the metal wiring line during wafer processing 
Such as an etching of the metal wiring line or a removal of 
the resist. This eventually has resulted in a deterioration of 
the transistor characteristics. 

SUMMARY OF THE INVENTION 

The present invention has been made to solve the fore 
going problems in the prior art, and it is therefore an object 
of the present invention to provide a Semiconductor device 
comprising MOS transistors having gates not damaged by a 
plasma. Another object of the present invention is to provide 
a method of designing and fabricating Such a Semiconductor 
device. 

According to one aspect of the present invention, a 
Semiconductor device has a library of Standard cells formed 
on a Substrate. Each of the Standard cell includes at least a 
MOS transistor and an input line for the MOS transistor. The 
Semiconductor device further comprises a diffused region 
formed in the Substrate, an insulating layer formed on the 
Substrate, a metallic layer formed on the insulating layer, and 
a contact portion connecting the metallic layer with the 
diffused region through the insulating layer. 

In another aspect of the present invention, in the Semi 
conductor device, the metallic layer is divided in two 
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2 
portions, and each of the portions is connected to the 
diffused region through the insulating layer. 

In another aspect of the present invention, in the Semi 
conductor device, the diffused region is Silicidized. 

In another aspect of the present invention, in the Semi 
conductor device, the input line is connected with the 
metallic layer. 

In another aspect of the present invention, in the Semi 
conductor device, the input line is divided in two Sides, and 
each of the two sides is connected to each of the two portions 
of the metallic layer respectively. 

In another aspect of the present invention, in the Semi 
conductor device, an auxiliary cell is formed by the diffused 
layer, the insulating layer, the metallic layer, and the contact 
portion. 

In another aspect of the present invention, in the Semi 
conductor device, a plurality of the auxiliary cells are 
provided as a library. 

In another aspect of the present invention, in the Semi 
conductor device, the auxiliary cell is formed as a transmis 
Sion gate including at least a MOS transistor. 

In another aspect of the present invention, in the Semi 
conductor device, the transmission gate is comprised of a 
PMOS transistor and a NMOS transistor. 

In another aspect of the present invention, in the Semi 
conductor device, the transmission gate has an input termi 
nal and an output terminal electrically connected to each 
other. 

According to another aspect of the present invention, in a 
method of designing a Semiconductor device, a library of 
Standard cells including at least a MOS transistor is disposed 
on a Substrate by using a Software tool including either a 
Symbolic layout tool or a module generator tool. Further, a 
plurality of diffused regions is disposed on the Semiconduc 
tor substrate so that each gate of the MOS transistor may be 
connected to a Selected one of the diffused regions. 

Other and further objects, features and advantages of the 
invention will appear more fully from the following descrip 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1, 2, and 3 show a configuration of a semiconductor 
device according to a first embodiment of the present 
invention. FIG. 1 is a plan View showing a layout pattern of 
a standard cell, FIG. 2 is a sectional view taken on II-II line 
in FIG. 1, and FIG. 3 is a sectional view taken on III-III 
line in FIG. 1. 

FIGS. 4 and 5 shows the configuration of a semiconductor 
device according to a Second embodiment of the present 
invention. FIG. 4 is a plan View showing a layout pattern of 
a standard cell, and FIG. 5 is a sectional view taken on V-V 
line in FIG. 4. 

FIGS. 6 and 7 shows a configuration of a semiconductor 
device according to a third embodiment of the present 
invention. FIG. 6 is a plan View showing a layout pattern of 
a standard cell, and FIG. 7 is a sectional view taken on 
VII-VII line in FIG. 6. 

FIGS. 8 and 9 show a configuration of a semiconductor 
device according to a fourth embodiment of the present 
invention. FIG. 8 is a plan view showing a layout pattern of 
a standard cell, and FIG. 9 is a sectional view taken on 
IX-IX line in FIG. 8. 

FIGS. 10 to 14 show a configuration of a semiconductor 
device according to a fifth embodiment in the present 
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invention. FIG. 10 is a plan view showing a layout pattern 
of a standard cell and additional standard cells, FIG. 11 is a 
Sectional view taken on XI-XI line in FIG. 10, FIG. 12 is 
a sectional view taken on XII-XII line, FIG. 13 is a 
Sectional view taken on XIII-XIII line in FIG. 10, and FIG. 
14 is a sectional view taken on XIV-XIV line in FIG. 10. 

FIG. 15 shows a configuration of a semiconductor device 
according to a sixth embodiment of the present invention. 
FIG. 15 is a plan View showing a layout pattern produced at 
the time of the auto-placement and auto-routing. 

FIG. 16 shows a configuration of a semiconductor device 
according to a Seventh embodiment of the present invention. 
FIG. 16 is a plan view showing a layout pattern of an 
additional Standard cell newly added to an ordinary Standard 
cell library. 

FIG. 17 shows a configuration of a semiconductor device 
according to an eighth embodiment of the present invention. 
FIG. 17 is a plan view showing a layout pattern of an 
additional Standard cell newly added to an ordinary Standard 
cell library. 

FIG. 18 shows a configuration of a semiconductor device 
according to a ninth embodiment of the present invention. 
FIG. 18 is a plan view showing a layout pattern of the 
Standard cell. 

FIG. 19 shows a configuration of a semiconductor device 
according to a tenth embodiment of the present invention. 
FIG. 19 is a plan view showing a layout pattern produced by 
an automatic layout producing program, Such as a Symbolic 
layout program or a module generator program. 

FIG. 20 shows a configuration of a semiconductor device 
according to an eleventh embodiment of the present inven 
tion. 

FIGS. 21 and 22 show a configuration of a semiconductor 
device according to a twelfth embodiment of the present 
invention. FIG. 21 is a plan View showing a layout pattern 
of a Standard cell and metal wiring lines, and FIG. 22 is a 
Sectional view taken on XXII-XXII line in FIG. 21. 

FIG. 23 is a plan View showing a conventional Standard 
cell layout pattern employed in auto-placement and auto 
routing for a Semiconductor device comprising a plurality of 
Standard cells. 

BEST MODE OF CARRYING OUT THE 
INVENTION 

Preferred embodiments of the present invention will be 
described hereinafter with reference to the accompanying 
drawings in which the same or corresponding parts are 
designated by the same reference numerals. 
First Embodiment 

FIGS. 1, 2, and 3 are diagrams for illustrating a configu 
ration of a Semiconductor device according to a first embodi 
ment of the present invention. FIG. 1 is a plan View showing 
a layout pattern of a Standard cell, FIG. 2 is a Sectional view 
taken on II-II line in FIG. 1, and FIG. 3 is a sectional view 
taken on III-III line in FIG. 1. 

Referring to FIGS. 1 to 3, there are shown a p-type silicon 
Semiconductor Substrate 1 (hereinafter referred to as 
p-Substrate, or Substrate, when appropriate), an isolation 
oxide film 2 formed on a Surface of the p-Substrate 1, an 
n-type well 3 (hereinafter referred to as n-well, when 
appropriate) formed in the p-substrate 1, a p-type diffused 
region 4 formed in the n-well 3, an n-type diffused region 5 
formed in the p-Substrate 1, and another n-type diffused 
region 6 formed in the p-Substrate 1. 
Shown also in FIGS. 1 to 3 are a gate oxide film 7 formed 

on the p-type diffused region 4 and the n-type diffused 
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4 
region 5, a polysilicon wiring line 8, gate electrodes 8g, i.e., 
portions of the polysilicon wiring line 8, formed on the gate 
oxide film 7, interlayer insulating oxide film 9, metal wiring 
lines 10a and 10b formed on the interlayer insulating oxide 
film 9, and contact holes (or contacts) 11 for connecting the 
metal wiring line 10a to the polysilicon wiring line 8 or for 
connecting the metal wiring lines 10a and 10b to the n-type 
diffused region 6. 

In the p-type diffused region 4 and/or the n-type diffused 
region 5, Source regions or drain regions doped with impu 
rities are formed on the both sides of the gate electrodes 8g 
respectively, although not shown. Thus, the Source/drain 
regions in the p-type diffused region 4, the gate oxide film 
7 and the gate electrode 8g form a MOS transistor T1. The 
Source/drain regions in the n-type diffused region 5, the gate 
oxide film 7 and the gate electrode 8g form another MOS 
transistor T2. 

In this embodiment, the input line is separated in the metal 
wiring lines 10a and 10b. The metal wiring line 10a is 
connected to the gates 8g, and the metal wiring line 10b 
Works as a input metal terminal. The metal wiring line 10a 
and metal wiring line 10b are connected by the diffused 
region 6 Serving as a diffused wiring line. The diffused 
region 6 is formed So that its resistance can be Substantially 
neglected in terms of circuit operation. 

Although the diffused region 6 and the wafer 1 forms a 
diode at the junction, no current flows through the junction 
while the LSI circuit is in normal operation. 

In case a large amount of electrons flow into the metal 
wiring lines 10a and 10b during wafer processing, the 
electrons flows through the diode into the wafer 1. 
Therefore, the gate oxide film 7 of the MOS transistor T1 or 
T2 is not damaged. In this embodiment, the diffused wiring 
line is inserted between the input terminal and the gate of the 
MOS transistor of the standard cell employed in a design 
System Such as a gate array and cell base System. This allows 
electrons, which flow into the metal wiring lines during the 
processing, to dissipate into the wafer, thus making it 
possible to protect the gates. 
Second Embodiment 

FIGS. 4 and 5 shows the configuration of a semiconductor 
device according to a Second embodiment of the present 
invention. FIG. 4 is a plan View showing a layout pattern of 
a standard cell, and FIG. 5 is a sectional view taken on V-V 
line in FIG. 4. A sectional view taken on II-II line in FIG. 
4 is similar to the sectional view shown in FIG. 2. 

Referring to FIGS. 4 and 5, a metal wiring line 10 works 
as an input line for the MOS transistor in the standard cell. 
In FIGS. 4 and 5, components like or corresponding to those 
shown in FIGS. 1 to 3 are designated by the same reference 
numerals, and the description thereof will be omitted to 
avoid duplication. 

In this second embodiment, the metal wiring line 10 
Serving as an input terminal is not cut. However, a diffused 
region 6 is formed under the metal wiring line (or metal 
terminal) 10, and the metal wiring line 10 is connected 
through a contact hole 11 to the diffused region 6. 

Although the junction of the diffused region 6 and the 
wafer 1 forms a diode, no current flows through the junction 
while the LSI circuit is in normal operation. 

During wafer processing, even if a large amount of 
electrons flow into the metal wiring line 10, the electrons 
dissipate through the diode into the wafer 1, So that the gate 
oxide films 7 of the MOS transistors T1 and T2 are not 
damaged. 

Since the resistance of the input line in the Second 
embodiment is lower than that of the input line in the first 
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embodiment in which the diffused wiring line is employed, 
the influence on wire delay time is reduced. 
AS described above, in the Second embodiment, the 

diffused region is formed under the metal wiring line and is 
connected through a contact to the metal wiring line, thereby 
eliminating the resistance component in the diffused wiring 
line. Thus, electrons, which flow into the metal wiring line 
during the processing, are dissipated. Influence on wire 
delay time is eliminated. Further, the gate is protected. 
Third Embodiment 

FIGS. 6 and 7 shows a configuration of a semiconductor 
device according to a third embodiment of the present 
invention. FIG. 6 is a plan View showing a layout pattern of 
a standard cell, and FIG. 7 is a sectional view taken on 
VII-VII line in FIG. 6. A sectional view taken on II-II line 
in FIG. 6 is similar to the sectional view shown in FIG. 2. 

Referring to FIGS. 6 and 7, a relatively large n-type well 
3 is formed in p-SubStrate 1, and a p-type diffused region 12 
is formed on the surface of the n-type well 3. In FIGS. 6 and 
7, and in the Succeeding figures, well contacts are not shown 
for Simplicity. 

In the third embodiment, a metal wiring line, which Serves 
as an input line (input terminal), is divided into metal wiring 
lines 10a and 10b. The metal wiring line 10a is connected to 
gates 8g, and the metal wiring line 10b Serves as a metal 
terminal. The metal wiring line 10a and 10b are connected 
by a p-type diffused region 12 formed on the Surface of the 
n-type well 3. The resistance component of the diffused 
region 12 Serving as a diffused wiring line can be Substan 
tially neglected in terms of circuit operation. 

Although the junction of the p-type diffused region 12 and 
the n-type well forms a diode, no current flows through the 
junction while the LSI circuit is in normal operation. 

Even when a large amount of electrons flow into the metal 
wiring lines 10a and 10b during wafer processing, the 
electrons flow through the diode into the n-well 3 having 
opposite conductivity to that of the wafer 1, So that the gate 
oxide films 7 of the MOS transistors T1 and T2 are not 
damaged. 
Fourth Embodiment 

FIGS. 8 and 9 show a configuration of a semiconductor 
device according to a fourth embodiment of the present 
invention. FIG. 8 is a plan view showing a layout pattern of 
a standard cell, and FIG. 9 is a sectional view taken on 
IX-IX line in FIG.8. A sectional view taken on II-II line 
in FIG. 8 is similar to the sectional view shown in FIG. 2. 

In the fourth embodiment, a pattern of a metal wiring line 
10, which is to operate as an input terminal, is not cut. A 
p-type diffused region 12 is formed under the metal wiring 
line 10 and on an n-type well 3 having the opposite con 
ductivity to that of the p-Substrate 1, and the metal wiring 
line 10 is connected through a contact hole 11 to the p-type 
diffused region 12. 

Although the junction of the p-type diffused region 12 and 
the n-type well 3, having the opposite conductivity to that of 
the p-type diffused region 12, forms a diode, no current 
flows through while the LSI circuit is in normal operation. 

If a large amount of electrons flow into the metal wiring 
line 10 during wafer processing, the electrons flow through 
the diode into the n-type well 3, so that the gate oxide films 
7 of MOS transistors T1 and T2 are not damaged. 

Since the resistance of the input line in the present 
embodiment is lower than that of the input line in the third 
embodiment in which the diffused region 12 is employed as 
the diffused wiring line, the influence on wire delay time is 
reduced. 

1O 
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6 
Fifth Embodiment 

FIGS. 10 to 14 show a configuration of a semiconductor 
device according to a fifth embodiment in the present 
invention. FIG. 10 is a plan view showing a layout pattern 
of a standard cell and additional standard cells, FIG. 11 is a 
Sectional view taken on XI-XI line in FIG. 10, FIG. 12 is 
a sectional view taken on XII-XII line, FIG. 13 is a 
Sectional view taken on XIII-XIII line in FIG. 10, and FIG. 
14 is a sectional view taken on XIV-XIV line in FIG. 10. 

In the fifth embodiment, a standard cell library includes, 
in addition to an ordinary Standard cell Similar to those of the 
first to the fourth embodiment, the following additional 
Standard cells. 
As shown in FIGS. 10 to 14, a standard cell BB comprises 

an n-type diffused region 6, metal terminals 10c and 10d., 
and contact holes 11. A Standard cell CC comprises an n-type 
well 3, a p-type diffused region 12 formed in the n-type well 
3, metal terminals 10c and 10d, and contact holes 11. A 
Standard cell DD comprises an n-type well 3, a p-type 
diffused region 12 formed in the n-type well 3, a metal 
terminal 10c, and a contact hole 11. A standard cell EE 
comprises an n-type diffused region 6, a metal terminal 10c 
and a contact hole 11. 
Any one of the standard cells BB, CC, DD and E may be 

disposed at the time of the auto-placement and auto-routing 
near the Standard cell AA having gates to be protected. Any 
standard cell among the standard cells BB, CC, DD and EE 
is connected via a metal wiring line 10e and through a metal 
wiring line 10 Serving as an input line for the Standard cell 
AA to the input gates of MOS transistors T1 and T2. 

If a large amount of electrons flow into the metal wiring 
line 10 during wafer processing, the electrons flow through 
the diode into the wafer 1 or an n-type well 3 having the 
opposite conductivity to that of the wafer 1, So that the gate 
oxide films 7 of the MOS transistors T1 and T2 are not 
damaged. 

It is desirable to dispose the standard cells BB, CC, DD 
and EE in proximity to the input gate to be protected. The 
proximity means a range in which the area or the circum 
ferential length of the metal wiring line for connecting the 
input terminal of the Standard cell and a newly disposed cell 
or pattern is not great enough to cause plasma damage. This 
is generally determined by the ratio of the area or the 
circumferential length of the metal wiring line to an area or 
a circumferential length of the gate of the MOS transistors 
in the Standard cell. 
AS described above, in the present embodiment, an inde 

pendent Standard cell having the diffused region, the contact 
hole and the metal wiring line is provided, and, at the time 
of the auto-placement and auto-routing, the Standard cell is 
disposed and connected in proximity to the gate to be 
protected. This makes it possible to dissipate electrons into 
the wafer or the wells in the wafer, when electrons flow into 
the metal wiring line during the processing. Thus, the gates 
are protected. 
Sixth Embodiment 

FIG. 15 shows a configuration of a semiconductor device 
according to a sixth embodiment of the present invention. 
FIG. 15 is a plan View showing a layout pattern produced at 
the time of the auto-placement and auto-routing. 

In the Sixth embodiment, the Semiconductor device has a 
standard cell AA as the library, which is similar to that of the 
first to the fourth embodiments. In addition, a new cell which 
will be described below is formed at the time of the 
auto-placement and auto-routing in the Semiconductor 
device including the standard cell. The new cell will be 
described below. 
As shown in FIG. 15, a cell DD' comprises a p-type 

diffused region 12 formed in the n-type well 3, a metal 
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terminal 10c and a contact hole 11. A cell EE comprises an 
n-type diffused region 6, a metal terminal 10c and a contact 
hole 11. The construction of the cells DD" and EE are the 
same as that of the cells DD and EE shown in FIG. 10, and 
hence the illustration of the cells DD" and EE' in sectional 
views will be omitted. 

Either the cell DD' or EE is formed automatically in 
proximity to the Standard cell AA having an input gate to be 
protected, and is connected to the input gates of the MOS 
transistors T1 and T2 by a metal wiring line 10e through a 
metal wiring line 10 Serving as the input line of the Standard 
cell AA. 

The junction of the automatically produced n-type dif 
fused region 6 and a p-type wafer 1 or the junction of the 
p-type diffused region 12 and an n-type well 3 forms a diode. 
However, no current flows through the junction while the 
LSI circuit is in normal operation. 

If a large amount of electrons flow into the metal wiring 
line 10 during wafer processing, the electrons will flow 
through the diode into the p-type wafer 1 or an n-type well 
3, so that the gate oxide films 7 of the MOS transistors T1 
and T2 are not damaged. 

Thus, in the Sixth embodiment, in the Semiconductor 
device including the Standard cell, a new layout pattern is 
formed to protect the input gate at the time of the auto 
placement and auto-routing. 
Seventh Embodiment 

FIG. 16 shows a configuration of a semiconductor device 
according to a Seventh embodiment in the present invention. 
FIG. 16 is a plan view showing a layout pattern of an 
additional Standard cell newly added to an ordinary Standard 
cell library. 

The seventh embodiment is provided, in addition to the 
library a standard cell AA as mentioned in the description of 
the first to the fourth embodiments, with another standard 
cell having a transmission gate. 
As shown in FIG. 16, an additional standard cell FF has 

a transmission gate formed by connecting a gate line 13 
included in a p-channel MOS transistor T3 to a grounding 
line 14, and by fixing a gate line 15 included in an n-channel 
MOS transistor T4 to a power line 16. The source/drain 
regions of the transistors T3 and T4 are connected with each 
other by metal wiring lines 10f and 10g. Indicated at 17 is 
the input terminal of the transmission gate. 

The standard cell FF is disposed in proximity to the 
Standard cell AA having an input gate to be protected during 
the auto-placement and auto-routing. The metal wiring line 
10f is connected to a metal wiring line 10, i.e., an input line, 
of the Standard cell AA connected to the input gates of the 
MOS transistors T1 and T2. 

Although the junction of an n-type diffused region 6 
included in the transmission gate and the p-type wafer 1 
forms a diode, or the junction of the p-type diffused region 
12 and an n-type well 3 forms a diode, no current will flow 
through the junction while the LSI circuit is in a normal 
operation. 

If a large amount of electrons flow into the metal wiring 
line 10 during wafer processing, the electrons will flow 
through the diode into the p-type wafer 1 or the n-type well 
3 having an the opposite conductivity to that of the p-type 
wafer 1, so that the gate oxide films 7 of the MOS transistors 
T1 and T2 are not damaged. 
Eighth Embodiment 

FIG. 17 shows a configuration of a semiconductor device 
according to an eighth embodiment of the present invention. 
FIG. 17 is a plan view showing a layout pattern of an 
additional Standard cell newly added to an ordinary Standard 
cell library. 
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8 
The eighth embodiment is provided, in addition to the 

library of a Standard cell AA as mentioned in the description 
of the first to the fourth embodiments, with another standard 
cell having a new transmission gate Stated below: 
As shown in FIG. 17, an additional standard cell FF 

comprises a p-channel MOS transistor T3 and an n-channel 
MOS transistor T4, and has a transmission gate formed by 
connecting metal wiring lines 10f and 10g through a metal 
wiring line 10h So as to short-circuit an input terminal and 
an output terminal. The configuration of the standard cell FF 
is the Same, except that the input and the output terminal are 
Short-circuited, as that in the Seventh embodiment shown in 
FIG. 16, and hence the description thereof will be omitted to 
avoid duplication. 
The standard cell FF" is disposed in proximity to the 

Standard cell AA having an input gate to be protected. Tthe 
metal wiring line 10f is connected to a metal wiring line 10, 
i.e., an input line, of the Standard cell AA connected to the 
input gates of the MOS transistors T1 and T2. 

Although the junction of an n-type diffused region 6 
included in the transmission gate and a p-type wafer 1 forms 
a diode, or the junction of the p-type diffused region 12 and 
an n-type well 3 forms a diode, no current will flow through 
the junction while the LSI circuit is in a normal operation. 

If a large amount of electrons flow into the metal wiring 
line 10 during wafer processing, the electrons will flow 
through the diode into the p-type wafer 1 or the n-type well 
3 the having an opposite conductivity to that of the p-type 
wafer 1, so that the gate oxide films 7 of the MOS transistors 
T1 and T2 are not damaged. 
Ninth Embodiment 

FIG. 18 shows a configuration of a semiconductor device 
according to a ninth embodiment of the present invention. 
FIG. 18 is a plan view showing a layout pattern of the 
Standard cell. 

In the ninth embodiment, a Standard cell GG having an 
input gate to be protected includes a transmission gate 
formed by connecting a gate line 13 included in a p-channel 
MOS transistor T3 to a grounding line 14, and by fixing a 
gate line 15 included in an n-channel MOS transistor T4 to 
a power line 16. A metal wiring line 10f is connected to the 
gates of the MOS transistors T1 and T2 through a metal 
wiring line 10 serving as an input line for MOS transistors 
T1 and T2. 

Although the junction of an n-type diffused region 6 
included in the transmission gate and a p-type wafer 1 forms 
a diode, or the junction of the p-type diffused region 12 and 
an n-type well 3 forms a diode, no current will flow through 
the junction while the LSI circuit is in a normal operation. 

If a large amount of electrons flow into the metal wiring 
line 10 during wafer processing, the electrons will flow 
through the diode into the p-type wafer 1 or the n-type well 
3 having an opposite conductivity to that of the p-type wafer 
1, so that the gate oxide films 7 of the MOS transistors T1 
and T2 are not damaged. 

Thus, in the ninth embodiment, the transmission gate is 
incorporated in the Standard cell, and is connected to the 
inputs of the MOS transistors in the standard cell. 
Tenth Embodiment 

FIG. 19 shows a configuration of a semiconductor device 
according to a tenth embodiment in the present invention. 
FIG. 19 is a plan view showing a layout pattern produced by 
an automatic layout producing program, Such as a Symbolic 
layout program or a module generator program. 

In the tenth embodiment, patterns of the standard cells CC 
and DD included in the fifth embodiment (FIG. 10) and a 
pattern of the standard cell FF" included in the eighth 
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embodiment (FIG. 17) are formed in proximity to the gates 
of MOS transistors T1 and T2 as shown in FIG. 19 by an 
automatic layout producing program, Such as a Symbolic 
layout program or a module generator program. 

FIG. 19 shows the pattern as an example. Any one of the 
layout patterns employed in the first to the ninth embodi 
ments may be used or Some of those layout patterns may be 
used in combination, thus an arbitrary pattern may be 
produced. 
Any pattern for protecting the MOS transistors T1 and T2 

is formed in this way, and is connected to the gates of the 
MOS transistors T1 and T2. The method of connection is as 
employed in the foregoing embodiments, and hence the 
description thereof will be omitted to avoid duplication. 
Owing to the above-mentioned configuration, if a large 

amount of electrons flow into the metal wiring line 10 during 
wafer processing, the electrons will flow through the diode 
into a wafer 1 or a well 3 having the opposite polarity to that 
of the wafer 1, so that the gate oxide films of the MOS 
transistors are not damaged. 
Eleventh Embodiment 

FIG. 20 shows a configuration of a semiconductor device 
according to an eleventh embodiment of the present inven 
tion. In FIG. 20, indicated at 6a is a silicidized n-type 
diffused region. The eleventh embodiment is the same in 
other respects as the first embodiment, and hence the further 
description thereof will be omitted to avoid duplication. 

The eleventh embodiment employs the method of sili 
cidizing the diffused region 6 connected to the input gate in 
the first embodiment So as to further decrease the resistance 
component to an extent that can be neglected in terms of 
circuit operation. 

The method of Silicidizing the diffused region connected 
to the input gate can also be employed equally in the third, 
the fifth and the tenth embodiments as well as the first 
embodiment. 

Since the resistance component is thus decreased, the 
influence on wire delay time is reduced during a real 
operation of the LSI. If a large amount of electrons flow into 
the metal wiring line, the electrons will flow through the 
diode into a wafer 1 or a well 3 of the opposite polarity to 
that of the wafer 1, so that the gate oxide films 7 of the MOS 
transistors T1 and T2 are not damaged. 
Twelfth Embodiment 

FIGS. 21 and 22 show a configuration of a semiconductor 
device according to a twelfth embodiment of the present 
invention. FIG. 21 is a plan View showing a layout pattern 
of a Standard cell and metal wiring lines, and FIG. 22 is a 
Sectional view taken on XXII-XXII line in FIG. 21. A 
Sectional view taken on II-II line in FIG. 21 is the same as 
that shown in FIG. 2. 

Referring to FIGS. 21 and 22, metal wiring lines 17, 18 
and 19 in each layer are formed with an interlayer insulating 
film (the illustration is abbreviated) sandwiched 
therebetween, and metal wiring lines 10a, 17, 18, and 19 are 
connected by contact holes (or contacts) 11, respectively. 
The metal wiring lines 17 and 18 are short wiring lines in an 
intermediate layer, and the metal wiring line 19 is a long 
wiring line in the uppermost layer of the Semiconductor 
device. 
When fabricating a standard cell for the twelfth 

embodiment, a metal wiring line connected to the gates of 
the MOS transistors to be protected is formed in the upper 
most wiring layer; that is, for example, the output line of the 
preceding Standard cell is connected to the input line of the 
Succeeding Standard cell by a metal wiring line formed in the 
uppermost wiring layer. 
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Accordingly, the gates of the MOS transistors of the 

Standard cell to be protected are not connected to a long 
wiring pattern formed outside the Standard cell at the time of 
wafer processing other than a process for forming the 
uppermost wiring layer, and hence will not be damaged by 
a plasma. 

Since the gates to be protected are connected necessarily 
to the diffused regions of other transistors when the con 
nection up to the uppermost wiring layer is completed, the 
gates are not damaged by a plasma even at the time of a 
wafer process for forming the uppermost wiring layer. 
Namely, the uppermost wiring layer, for example, is con 
nected to the Source/drain of the output transistor in the 
preceding Standard cell, and consequently it turns out that 
the gates are connected to the diffused region of the Source/ 
drain. 

Accordingly, the gates to be protected are not damaged by 
a plasma in all the processes for processing the wafer. 
The effects and advantages of the present invention may 

be Summarized as follows. 
AS is apparent from the foregoing description, according 

to the present invention, a diffused region is formed in a 
Substrate including a Standard cell or in the well formed in 
the Substrate, and the metal wiring line connected to a gate 
of a MOS transistor in the standard cell is electrically 
connected to the diffused region. This, during a wafer 
processing for the metal wiring layer, allows a large amount 
of electrons to dissipate into the Substrate (including the 
wells formed thereon) and thus enables the gates to be 
protected. Electrons, flowing into the metal wiring layer 
from a plasma during processes Such as an etching of the 
metal and a removal of the resist, will flow into the gates of 
the MOS transistors through the wiring layer, and will not 
destroy the gate oxide film. 
AS a result, according to the present invention, in a 

Semiconductor device including a plurality of Standard cells, 
a gate of the MOS transistor in each standard cell may not 
be damaged by a plasma. Such a Semiconductor device and 
a method of designing thereof are obtained. 

It is further understood that the foregoing description is a 
preferred embodiment of the disclosed device and that 
various changes and modifications may be made in the 
invention without departing from the Spirit and Scope 
thereof. 
What is claimed is: 
1. A Semiconductor device comprising: 
a Standard cell formed on a Substrate and having at least 

a MOS transistor and an input line for the MOS 
transistor, and 

a plurality of independent Standard cells disposed near 
Said Standard cell, each of the independent Standard 
cells having: 
at least one metal wiring line, 
at least one contact hole; and 
a diffused region protecting a gate of the MOS tran 

Sistor by dissipating Surplus electrons into the 
Substrate, the electrons flowing into Said metal wir 
ing line during the processing, 

wherein the input line of Said Standard cell and Said at 
least one metal wiring line of one of Said plurality of 
independent Standard cells are connected when an area 
or a circumferential length of the metal wiring line of 
Said one of the plurality of independent Standard cells 
connected to the input line of the Standard cell is 
damaged by a plasma. 
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